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P I  ABSTRACT 
A thermal power transfer system using a phase change 
liquid gas fluid in a closed loop configuration has a heat 
exchanger member connected to a gas conduit for in- 
putting thermal energy into the fluid. The pressure in 
the gas conduit is higher than a liquid conduit that is 
connected to a heat exchanger member for outputting 
thermal energy. A solid electrolyte member acts as a 
barrier between the gas conduit and the liquid conduit 
adjacent a solid electrolyte member. The solid electro- 
lyte member has the capacity of transmitting ions of a 
fluid through the electrolyte member. The ions can be 
recombined with electrons with the assistance of a po- 
rous electrode. An electrical field is applied across the 
solid electrolyte member to force the ions of the fluid 
from a lower pressure liquid conduit to the higher pres- 
sure gas conduit. 
6 Claims, 2 Drawing Sheets 
THERMAL I 
https://ntrs.nasa.gov/search.jsp?R=19920007239 2020-03-24T07:11:11+00:00Z
U.S. Patent Nov. 19, 1991 Sheet 1 of 2 5,066,337 
US.  Patent 
1 
VARIABLE 
CONTROL L E R 
Nov. 19, 1991 
-20 
Sheet 2 of 2 
+ 
m I , \ \ \ \ \ \ \ \ \ \ \ - f X % a J J  
5,066,337 
5,066,337 
1 
THERMAL POWER TRANSFER SYSTEM USING 
APPLIED POTENTIAL DIFFERENCE TO 
SUSTAIN OPERATING PRESSURE DIFFERENCE 
ORIGIN O F  T H E  INVENTION 
The invention described herein was made in the per- 
formance of work under a NASA contract, and is sub- 
ject to the provisions of Public Law 96-517 (35 U.S.C. 
Section 202) in which the Contractor has elected not to 
retain title. 
TECHNICAL FIELD 
The present invention is directed to a thermal power 
transfer system using a phase change fluid in a closed 
loop configuration for transferring thermal energy and, 
more particularly, to a passive thermal power transfer 
system capable of sustaining a relatively high pressure 
difference between the gas and liquid phases for maxi- 
mizing the heat transfer capabilities of the system. 
BACKGROUND ART 
Numerous examples of thermal power transfer sys- 
tems exist in the prior art, including relatively passive 
thermal power transfer loops. These systems are of 
particular interest in applications in outer space, where 
the high cost of servicing any such system and the ex- 
pense of launching any such system dictates a highly 
reliable system with a minimal utilization of moving 
parts. 
A heat exchange system for use in a thermoelectric 
power generator is disclosed in U.S. Pat. No. 3.931,532. 
In this system, a fluid such as potassium could be heated 
and vaporized for transmitting heat to junctions of the 
thermoelectric generator. Heat is released when the 
potassium condensates, and this liquid condensate is 
returned by a capillary flow along a wick, so that it can 
be reheated and vaporized to repeat the working cycle. 
U.S. Pat. No. 3,897,271 discloses a static self-con- 
tained electric power generating system wherein liquid 
metal such as sodium can transfer heat from a nuclear 
heat source to generate power. 
U.S. Pat. No. 4,808,240 discloses a sodium heat en- 
gine utilizing a beta-alumina solid electrolyte tube filled 
with liquid sodium. The sodium ions are able to pass 
through the tube structure, while electrons are not. The 
electrons are instead carried outside of the tube through 
an external circuit with a load for generating power. In 
this regard, heat is applied to the liquid sodium to ele- 
vate its pressure, and sodium ions then pass through the 
beta-alumina solid electrolyte to create an electrical 
potential difference between both sides of the electro- 
lyte member for generating power. The gas size of the 
electrolvte is at a relativelv low uressure to facilitate the 
in a closed loop configuration. A gas conduit for trans- 
mitting the thermal energy through a heat exchanger to 
output the thermal energy is provided on one side of the. 
loop configuration, while a liquid conduit for transfer- 
5 ring the liquid metal from the heat exchanger is pro- 
vided. Another heat exchanger for inputting thermal 
energy into the system is utilized in connection with the 
gas conduit to raise the free energy state of the gas. As 
a result, the pressure of the gas conduit is elevated 
10 above that of the liquid conduit. A barrier in the form of 
a solid alkali metal electrolyte member is provided to 
isolate the gas phase of the metal from the liquid phase 
of the metal. A porous electrode is operatively posi- 
tioned relative to the solid electrolyte member on the 
l 5  gas side, and an applied electrical potential difference 
can be used to drive ions of the fluid in the liquid state 
through the solid electrolyte member to the gas side of 
the barrier. The vapor-liquid interface will be located 
adjacent to the porous electrode. 
More specifically, the present invention can utilize a 
beta-alumina solid electrolyte with sodium as the fluid. 
The utilization of the solid barrier electrolyte member 
permits a permselective barrier having the capacity of 
conducting sodium ions to permit an increase in the 
25 pressure differential across the barrier member, com- 
pared to conventional thermal power transfer loops 
utilizing wicks or capillary forces. The increase in the 
pressure capacities of the system permits an increase in 
Although the addition of thermal energy provides the 
actual pumping action for the system, the characteris- 
tics of the solid electrolyte barrier member can also be 
used as a modulator or controller of the system opera- 
35 tion. For a given set of flow rates and pressure levels, a 
certain level of applied potential will be required for a 
force balance of the two phases of the metal fluid. If the 
applied potential is larger than that required for the 
force balance for a certain flow rate. then larger flow 
Other objects and many of the attendant advantages 
of this invention will be readily appreciated in reference 
to the following detailed description when con.sidered 
. in conjunction with the accompanying drawings. in 
45 which like reference numbers designate like parts 
throughout the figures thereof. 
2o 
3o efficiency in transmitting thermal energy. 
JO rates will result and vice versa. 
BRIEF DESCRIPTION O F  T H E  DRAWINGS 
FIG. 1 is a schematic view of a thermal power trans- 
FIG. 2 is a schematic view of a solid electrolyte bar- 
50 fer system; and 
rier. 
DETAILED DESCRIPTION O F  T H E  
INVENTION 
' 55 transmission of the sodium ions across the solid electro-
lyte. 
Conventional passive thermal power transfer loops 
utilizing capillary forces to sustain the operating pres- 
sure difference between the gas and the liquid phase are 
limited in power levels by the minimum practical pore 6 0  
size of their wicks. There is still a need in the prior art 
to increase the thermal power transfer levels that can be 
achieved in such systems, while maintaining the static 
or passive characteristics of such systems. 
STATEMENT O F  T H E  INVENTION 
65  
The following description is provided to enable any 
person skilled in the field of thermal dynamics to make 
and use the present invention, and sets forth the best 
modes contemplated by the inventors of carrying out 
their invention. Various modifications. however, will 
remain readily apparent to those skilled in the art, since 
generic principles of the present invention have been 
defined herein specifically to provide an improved ther- 
mal power transfer loop using an applied potential dif- 
ference to sustain a high operating pressure difference 
between a gas and liquid phase. 
The present invention provides a thermal power 
transfer system using a phase change liquid metal fluid 
Thermal -power transfer loops transfer heat energy 
from one location to another. In outer space applica- 
3 
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tion, such systems typically use a heat pipe with an 
adiabatic section to perform basically as a heat engine. 
with a source at a slightly higher temperature than the 
heat sink. These thermal power transfer loops have 
traditionally utilized capillary forces, derived from PO- 5 
rous wicks, to sustain the pressure difference between 
the higher pressure vapor phase and a lower tempera- 
ture liquid phase. The purpose of the capillary force is 
to provide a flexible meniscus which sustains the pres- 
sure difference between the two phases and which al- 10 
lows a mass transfer of the working fluid from a liquid 
to a gas zone. The maximum thermal power that is 
transferrable (subject to the condenser area and its cou- 
pling to the heat sink) in capillary thermal power trans- 
fer loops is governed by the maximum pressure differ- 15 
ence sustainable through the maximum capillary force 
generated by the wick pores. The smaller the pore size, 
the larger this capability. The minimum pore size 
achievable, however, is limited by practical manufac- 
turing considerations. In addition, potential problems 20 
exist in plugging of such small pores over a large life- 
time of use. As a result, there is a clear limitation of the 
capacity to transfer thermal power in such a capillary 
thermal power transfer loop. In designing a thermal 
power transfer loop, other considerations must be taken 25 
into account besides simply a high power transfer capa- 
bility. These considerations include. for example, the 
temperature drop associated with the pressure differ- 
ence, the degradation of the thermal potential from the 
source to the sink, the compactness of the system, the 30 
mass of the system, etc., in producing an optimum 
power transfer system for outer space application. 
When thermal potential degradation temperature drop 
from heat source to sink is not a major concern, then the 
maximum pressure differential in order to facilitate the 35 
transfer of large thermal power levels has become a 
prior art limitation. 
Referring to FIG. 1, a thermal power transfer system 
2 of the present invention is schematically disclosed. A 
heat exchanger 4 of a conventional design can be con- 40 
nected to a high pressure gas conduit line 6 and to a 
lower pressure liquid conduit line 8. Heat is supplied to 
the heat exchanger 4 via the high pressure gas line 6 
through a fluid such as sodium. Thermal energy is en- 
tered into the high pressure gas line from a thermal 45 
power source via a heat exchanger 10. The heat ex- 
changer 4 can be operatively connected to a vapor 
channel member or manifold 12 that communicates 
with the high pressure gas conduit 6. The lower pres- 
sure liquid conduit line 8 is connected to a liquid chan- 50 
ne1 manifold 14 and a barrier member 16 in the form of 
an alkali metal solid electrolyte such as a beta-alumina, 
in a chemical form which is an ion conductor, is uti- 
lized. For our purposes, the beta-alumina solid electro- 
lyte has a unique property of preferentially conducting 5 5  
sodium ions compared to electrons. Additional i n L  . m a -  
tion on a solid electrolyte member can be found in "Ex- 
perimental and System Studies of the Alkali Metal 
Thermoelectric Converter for Aerospace Power," C.P. 
Bankston et al., Journal of Energy, Vol. 7 .  No. 5,  Se- 60 
p-Oct 1983 at page 442. 
Operatively positioned adjacent to the beta-alumina 
electrolyte 16 is a porous electrode 18 that can conduct 
electrons and can further allow sodium ions to pass 
therethrough wherein the electrons and sodium ions 65 
can then recombine to form sodium. The electrode 18 
can be a relatively thin metal that is evenly deposited on 
the gas side of the solid electrolyte member 16. The 
,337 
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design characteristic is that the electrode 18 must be 
sufficiently thin and porous to permit the egress of SO- 
dium ions from the electrolyte member. The specific 
configuration of the alkali metal electrolyte member 16 
will depend upon the particular utilization and pressure 
difference [hat is necessary to achieve the purposes of 
the thermal power transfer system 2. 
Referring to FIG. 2, a schematic cross-sectional view 
of the beta-alumina solid electrolyte 16 and porous elec- 
trode 18 is disclosed. The positive sodium ions in a 
liquid form can pass through the electrolyte member 16 
as a result of the potential difference applied across 
electrolyte member 16 by the controller 20. The liquid 
phase of the sodium metal is at a lower pressure than the 
gas phase. An adequate voltage potential difference that 
is applied across the electrolyte with the assistance of 
the porous electrode 18 is capable of sustaining this 
pressure differential. On the gas side of the barrier mem- 
ber 16, the sodium ions recombine with the electrons 
and are further subject to the inputted thermal energy 
from a thermal power source (not shown) to vaporize 
into a gaseous form. The operating temperature range 
should be greater than 100" C. (which is the melting 
point of the liquid metal sodium). and the uporized 
sodium atoms are collected in the vapor channel mani- 
fold 12 and egress to the vapor or gas conduit 6. Appro- 
priate insulation 22 insulates the conduit 6 as it travels to 
the heat exchanger 4. 
The heat exchanger 4 comprises a conventional wick 
member 24 and an exterior heat exchanging housing 26, 
as shown in FIG. 1. This heat exchanger 10 basically 
serves the function of a condenser. and the liquid so- 
dium is then returned to the liquid side of the alkali 
metal 16 via the liquid conduit 8. A thermal control 
valve system 28 can also be utilized to regulate the flow 
as an optional feature. 
Since the alkali metal electrolyte 16 is in the form of 
a solid plate, it acts as a barrier between the gas and 
liquid phases in the heat addition zone adjacent the heat 
exchanger 4. The actual pressure differential sustainable 
by this barrier 16 will be a function of the plate thick- 
ness and its structural properties. As can be readily 
appreciated, a substantially higher maximum pressure 
differential is sustainable than that capable when relying 
upon capillary forces of a wick. 
The beta-alumina solid electrolyte member 16 has the 
unique property of preferentially conducting sodium 
ions compared to the electrons, and therefore acts as a 
permselective barrier. If the external circuit was left 
open by the controller 20, the pressure differential be- 
tween the liquid and the gas phases would force the 
sodium ions within the solid electrolyte member 16 
towards the low pressure surface. This would cause the 
low pressure surface to acquire a net positive charge. 
This net positive charge would build up until the elec- 
trical field across the electrolyte member 16 is strong 
enough to stop the flow of sodium ions. At this point, 
the force on the sodium ions due to the pressure differ- 
ential will be balanced by the force on the ions due to 
the buildup of the electrical field. 
In  the present invention, the controller 20 utilizes this 
unique property so that a positive potential is applied to 
the liquid zone adjacent the solid electrolyte 16. [hereby 
tending to force sodium ions towards the high pressure 
gas zone, whereas the high pressure on the gas side 
tends to force the ions towards the liquid zone. Hence, 
an adequate positive potential field will balance this 
pressure differential. The potential field basically sus- 
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tains the pressure differential across the electrolyte 
barrier 16, just like a vapor/liquid meniscus in capillary 
force based thermal power transfer loops. The actual 
pumping action of the thermal power transfer loop is 
achieved by the input of the thermal energy from the 
heat exchanger 4 and the condensation and removal of 
the heat energy at heat exchanger 10. As can be readily 
appreciated, this is basically a passive system, and the 
loss factors in this system are the electrical losses due to 
any resistivity of the alkali metal electrolyte 16 and its 
porous electrode 18 and the thermal losses associated 
with the insulation properties of the system. Theoreti- 
cally, the controller 20 can also be utilized to, in effect, 
provide additional pumping of sodium ions from the 
low pressure side to the high pressure side of the elec- 
trolyte 16 over and above that provided by the thermal 
energy input, and the controller 20 can vary the applied 
electrical field to control the flow rate. 
As can be readily appreciated, this high thermal 
power transfer loop has the capacity of transferring 
increased thermal power from one location to another 
by using a passive system with no moving parts. Ac- 
cordingly. long term reliability is achieved for applica- 
tions such as spacecraft. 
Although the invention has been described in detail in 
the foregoing for the purpose of illustration, it is to be 
understood that such detail is solely for that purpose, 
and that variations can be made herein by those skilled 
in the art without departing from the spirit and scope of 
the invention in the following claims. 
We claim: 
1. A thermal power transfer system using a phase 
change liquid-gas fluid in a closed loop configuration, 
comprising: 
a gas conduit; 
a liquid conduit; 
a heat exchange member for inputting thermal energy 
into the fluid so that the pressure of the gas conduit 
is higher than the liquid conduit; 
barrier means between the gas conduit and the liquid 
conduit to maintain a pressure differential while 
permitting transmission of the fluid through the 
barrier means, including a solid electrolyte member 
having the capability of transmitting ions of the 
fluid through the electrolyte member and a porous 
electrode operatively positioned relative to the 
electrolyte member for,creating an electrical field 
0 
across the electrolyte member to drive the ions of 
the fluid through the solid electrolyte member; 
means, attached to the electrode member, for apply- 
ing an electrical field to force the ions of the fluid 
from the lower pressure liquid conduit to the 
higher pressure gas conduit, and 
means, connected to the gas conduit and liquid con- 
duit for outputting thermal energy. 
2. The thermal power transfer system of claim 1 
3. The thermal power transfer system of claim 1 fur- 
ther including a thermal control valve system to regu- 
late the flow rate of the liquid fluid. 
4. The thermal power transfer system of claim 1 
l S  wherein the means for applying an electrical field in- 
cludes means for varying the electrical field to control 
the flow rate of the liquid fluid. 
5. The thermal power transfer system of claim 1 
wherein the heat exchange member is adjacent the bar- 
6.  A thermal power transfer system using a phase 
change liquid-gas sodium fluid in a closed loop configu- 
ration, comprising: 
a liquid conduit: 
a heat exchange member for inputting thermal energy 
into the sodium so that the pressure of the gas 
conduit is higher than the liquid conduit: 
a beta-alumina electrolyte member positioned be- 
tween the gas conduit and the liquid conduit. adja- 
cent the heat exchange member, to maintain a pres- 
sure differential while permitting transmission of 
the sodium through the barrier means, the electro- 
lyte member having the capability of transmitting 
sodium ions through the electrolyte member and a 
porous electrode operatively positioned relative to 
the electrolyte member for creating an electrical 
field across the electrolyte member to drive the 
sodium ions through the solid electrolyte member: 
means, attached to the electrode member, for apply- 
ing an electrical field to force the sodium ions from 
the lower pressure liquid conduit to the higher 
pressure gas conduit, and 
means. connected to the gas conduit and liquid con- 
duit for outputting thermal energy. 
5 
lo wherein the fluid is sodium. 
' 
2o rier means. 
25 a gas conduit; 
3o 
35 
40 
45 
* * * * *  
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